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In this conceptual paper, we consider issues and challenges of third party and governmental organisations in planning and implementing access to and uses of digital technologies for learning and teaching in developing countries. We consider failures and weaknesses in the planning and implementation processes highlighted by research in developed countries (as well as successes supporting implementation). We problematise these issues and challenges, conceptualise them in order to focus on longer-term rather than shorter-term ones, and offer new alternative models and ways of conceiving these practices for future sustainability.
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This paper focuses on educational change and provision of opportunity, on changes involving digital technologies or information and communication technologies (ICT). While it is recognised that introducing ICT can affect teaching and learning, it is more specific implications for third party and governmental organisations (typically philanthropic foundations, consultancy, hardware or software company groups, or agencies with specific education and ICT remits) which we focus on here. In this paper, digital technologies or ICT are defined as the entirety of hardware and software systems accessed by learners or teachers, which might include desktop, laptop or handheld technologies, mobile technologies, networking tools, and online resources and software. Regarding change processes, terms used in this paper include innovation (a method, idea or practice developed by and new to a user), implementation (a process putting a plan into effect), and integration (combining something new into an existing system or practice).

Some national education systems (the United Kingdom, Denmark, the United States of America, and Australia, for example) have implemented ICT into teaching and learning over a period of 25 or more years (see Tatnall & Davey, 2014). In spite of such a long period for integration of ICT into educational practices, concerns continue to be raised; ICT has neither been accepted for teaching or learning on a wide scale (see OECD, 2015, for example), nor brought about the range of benefits expected from the investment (e.g., Selwyn, 2010). However, research has shown that ICT can bring about educational benefits (e.g., Passey, 2014; Tamim et al., 2011). A key difference between these apparently contrasting findings, identified by the latter authors, concerns approaches and roles of teachers, tutors, counsellors, policy makers, or parents supporting educational practices. ICT does not necessarily bring about change or benefit without appropriate support. In developed countries, even where ICT has become part of teaching and learning environments, sustainability can be identified as an issue, nevertheless. An absence of sustained classroom-based innovation with digital technology in both developed and developing countries is reported (Attewell, 2001). Digital tools and resources can be underused, given the pressures of curricular demands in developed countries (Cuban, 2015). For developing countries, these are important messages to consider; but contexts in which implementations might be undertaken may not be identical, so sustainability factors might not be the same.

In many developing countries, national policy makers and third party organisations currently focus on a number of desires, to: introduce ICT to enhance teaching and learning; promote educational opportunity (or equity); learn from past experience so that implementation might be more effectively handled; and generate capacity building in the use of ICT. To succeed, ICT-related educational programmes should be designed, adopted and implemented by government and third party organisations to accommodate a number of recognised issues (detailed further later in the paper). Importantly, technology continues to change rapidly and is often repurposed, and time is needed to implement and recognise agreed outcome benefits (what we refer to here, and will detail later, as “‘the U- challenge”’). Additionally, there are differences and complexities within the contexts in different countries (political, social, technological, linguistic, cultural, economic, local and religious). All three of these issues have significant implications for teaching and learning. If long-term integration is to be achieved, these issues must be considered appropriately. Long-term integration in this sense can be thought of as providing sustainability; however, even this concept needs to be considered appropriately within implementation contexts. Initially in this paper, we provide a background to this field; we then conceptualise issues and features in order to develop a starting framework for those working in the field, and then identify possible future approaches involving longer-term research and development agendas.

A key question we explore in this paper is, how can educational change involving digital technologies be problematised and conceived for governmental and third party organisations seeking to implement long-term sustainable practices. Problematisation of change issues is an essential process if third party organisations and others involved in implementation are to avoid key problems arising, by putting appropriate processes in place ahead of identifiable critical periods. From the conceptions we present, we offer new alternative models and ways of conceiving practices for future sustainability. We will consider the context, identify key issues and challenges, problematise underlying factors, derive an appropriate model of implementation, provide a planning framework, offer recommendations, and discuss implications for research.  
	

Digital technology implementation and the context in developing countries
	
Integration of digital technology into teaching and learning is a double-edged challenge. While online distance education increases access without borders to a variety of subject and topic contents (Bakia, Shear, Toyama, & Lasseter, 2012), onsite formal education is facing rising expectations regarding the practices and nature of methodology (Griffin et al., 2012; UNESCO, 2011; Voogt & Knezek, 2008). Previous papers from Thematic Working Group 4 (TWG 4) of the EDUsummIT community (Resta, 2009, 2011; Resta & Laferrière, 2013), portrayed: the state of infusion of ICT in the world; aspects of digital equity that researchers have pointed to; initiatives taken; and persisting issues and challenges. 

At the latest EDUsummIT conference 2015, TWG4 focused on onsite sustainable implementation with digital technology, primarily in classrooms. Absence of sustainable innovation and implementation with digital technology was identified as a “new situation” requiring noteworthy attention. This critical gap needs to be overcome before substantive progress can be made in supporting educational equity concerns through digital technology approaches.  

While digital equity inside classrooms during mandatory schooling years is a key concern of third party initiatives, digital equity outside the classroom is also a factor to consider. As shown in Figure 1, the United Nations specialised agency for ICT (the International Telecommunications Union) indicated in a recent report (ITU, 2015) the impressive global progress in penetration of Internet-based information and communication; but the penetration rate is only 9.5% in the least developed countries.


Figure 1. ICT revolution and remaining gaps (Source: ITU, 2015)

In terms of the efficacy of access for educational purposes, research indicates it is essential to access broadband to derive full benefits from the Internet. Figure 2 shows population proportions accessing the Internet through landline and mobile telephones. As noted in the World Economic Forum (Dutta et al., 2015), the widening divide in broadband access between the most developed countries and the least developed countries is a discouraging trend.


Figure 2. The widening digital gap: Fixed-line broadband penetration (Source: ITU, 2014)

Seeking to address this digital divide for education, the World Summit on the Information Society (WSIS) set the target of 2015 for connecting all secondary and primary schools with ICTs (ITU, 2014). This target is an ideal but mammoth undertaking:

Evidence shows that LCRs [‘learner-to-computer connected’ ratios] are generally decreasing across many countries, while school Internet rates are increasing – both generally and for fixed broadband specifically. However, change is not uniform and occurs at different rates in different countries. Typically, countries that have strong policies and set targets for ICT in education with high-level government and sector-wide support show the most rapid change. (p. 75)






We need to initially consider how forms of implementation (such as pilots, projects, sequential adoption models, or whole-school developments) are being approached, how successful they are, identifying weaknesses and gaps (e.g., Wagner et al., 2005). With little or no concern for sustainability from day one, initiatives can promise results that will not be achieved (Gichoya, Hepworth, & Dawson, 2006). In developing countries where digital access is still rare, once a project is over, use of technology, if any, becomes more difficult: hardware and software become obsolete; connectivity can be too expensive; technical support and professional development are lacking (Trucano, 2015). So, more often than not, capacity building comes to a stop, and scalability does not occur (Breuleux et al., 2000; Looi & Teh, 2015).

Many innovative and implementation practices do take place, both inside and outside classrooms (Steyn et al., 2011; Voogt et al., 2015; see also the French website Adjectif, at http://www.adjectif.net). EDUsummIT 2015 TWG4 reviewed eleven examples of such case practices from five continents, using ISTE’s (2009) essential conditions to leverage technology effectively for learning. These essential conditions are: 1) shared vision; 2) empowered leaders; 3) implementation planning; 4) consistent and adequate funding; 5) equitable access; 6) skilled personnel; 7) ongoing professional development; 8) technical support; 9) curriculum framework; 10) student-centred learning; 11) assessment and evaluation; 12) engaged communities; 13) support policies; and 14) supportive external context. Case writers estimated all these conditions as being more than half-present, with levels of presence estimated from 62% to 85%. These conditions appear to be important, but how they fit into longer-term processes for sustainability, involving third party and governmental organisations, is an important concern, which we focus on in subsequent sections of this paper. 
Potential users of an innovation must accurately determine how to adapt and implement an innovation to their setting and whether sufficient conditions to make adaptation successful exist (Looi & Teh, 2015, p. ix). But, short-term studies demonstrate initial successes in adoption of digital technology are not enough (Ahmad, 2015; Labonté-Hubert, 2013). Long-term implementation studies reveal that conditions change, and new challenges arise (Laferrière, Hamel, & Searson, 2013; Passey, 2011; Sandholtz et al., 1997). Therefore, innovation and implementation need to be monitored regularly, in ways that match user and technology adaptation over time. For sustainability and digital equity to be achieved, long-term adaptability from technological, pedagogical, cultural, social and learning perspectives all need to be considered and in place. 

Third party providers and policy makers should give special attention to curriculum frameworks outlining or enabling uses of ICT, and their alignment with implementation (e.g., ICT uses supporting student-centred learning), assessment and evaluation. In spite of abundant access to technology in developed countries, curricula and testing measures are both perceived by teachers as limiting uses of ICT (Fu, 2013). Developing curricula and testing measures, so that ICT use in teaching-learning processes becomes increasingly perceived as necessary, is a long-term challenge facing all education systems. 

Regarding digital content to support country curricula, educational software and applications (apps) are widely developed in western countries, the content often reflecting those cultures. As a result, users in non-western countries must often learn and understand western culture to gain educational value from the resources. Developing resources by, or in conjunction with, individuals from regions in which they will be used, could remove one barrier to achieving educational equity. Additionally, this practice would potentially increase employment within this industry in regions where software/apps would be implemented. Similarly, language can act as a technological barrier. Most resources are in English, with non-English websites usually appealing to stereotypes to achieve marketability (Kalyanpur & Kirmani, 2005). Thus, it is important to build local communities of developers who can take forward continuity of resource innovations.


Factors affecting long-term implementation and sustainability

When issues and challenges influencing unsuccessful implementation are known, these need to be problematised. Digital gaps evolve because of gaps in access, adaptability, literacy and concerns held by some communities (see, for example, Hilbert, 2014). Fundamentally, introducing an element such as ICT into practice, to support both teaching and learning, is effectively concerned with change and its management. Conceptualising that change is clearly important, as the form of conception chosen or developed can determine the nature of processes to support that change, both in the short- and longer-term. Key factors need to be considered also, if that change is to be successful. Weick and Quinn (1999) distinguished between two types of change, “episodic” and “continuous”. In education, if digital technology introduction and implementation is considered an “episodic” change, then support and development might be more heavily focused on identified “episodes” occurring at intervals. On the other hand, if it is considered a “continuous” change, then support and development would be more consistently focused.  Even taking these two different patterns into account, there are clear implications for education and its development by third party providers, since the pattern of change is then distinguished or determined by the perceptions or approaches of those implementing ICT into practice. In this context, Pennington (2003) distinguished between change that could be considered “radical” (perhaps implying more short-term focus) or “incremental” (implying longer-term focus) versus “core” or “peripheral”; again, there are implications for development and successful sustainability (also concerning maintaining the right to free education, stated by Article 28 of the UN Rights of the Child, for those who can largely only access this through technology-based media).

Patterns of change involving ICT need to consider fundamental elements or factors. These factors may concern the ICT itself. Major hardware changes occur about every 5 years (Passey, 1999). Most recently, a major change occurred around 1995 when Internet use initially increased, and other major hardware changes since then have included interactive whiteboard technologies from the year 2000, mobile technologies from 2005, robots from 2010, and 3-dimensional, video and peripheral equipment such as printers from 2015. Software changes occur about every 18 months (discussed also in Passey, 1999). These changes not only include software updates and upgrades, but the emergence of new software. More recent significant software changes have included wider access to video editing, simulation and virtual world software, and video game editing and creation software.

Other factors affecting change concern how teachers support educational practices. Initial implementation of ICT into teaching practice leads to a downturn in performance. Mevarech (1997) described this as a U-curve, and she considered the implications that this has for teaching, learning and the appropriate timing for the identification of learning benefits. Leung, Watters and Ginns (2005) studied teachers in a case study school, with younger teachers reporting perceptions of their ICT abilities and self-efficacy decreasing during the first year of a project, and lowering of uses of ICT during the second year. These study findings paralleled those of a study conducted by the lead author, exploring how mathematics teachers in 20 schools integrated ICT into their practices; the teachers reported challenges during the first year of the project, and their uses of ICT decreased during the second year when professional development support was reduced. Benefits accruing after a period of time, once the downturn has been overcome, will not arise if implementation is not maintained to that second year. However, identifying forms of benefit needs to match forms of technologies and their uses. As stated elsewhere (Higgins et al., 2012; Passey, 2014), there is a need to consider what a technology does (in terms of its affordances, uses and outcomes for teaching and learning) before trying to identify its benefits and impacts. Regular changes in technologies and their appropriation for teaching and learning require regular updating and professional development. The “U- challenge” in this context refers to those time periods that teachers are implementing uses of technologies when their performance decreases, due initially to the need to accommodate new practices (Mevarech, 1997), and finding the most appropriate ways to benefit from these practices, then later, having to grapple with technologies that become increasingly obsolete or incompatible as time goes on.

Yet other factors affecting change concern the wider range of stakeholders who both influence educational practice and are influenced by educational practice. Change occurs within a system, and all actors in that system need to be involved and to understand what is happening and its consequences. Parents, students, teachers, school managers, third party providers, regional and national policy makers, educational advisers and researchers, and politicians are all stakeholders in the system; their values and concerns need to be known if change is to be managed successfully. These are factors concerned with national and cultural context. Context affects change, and contextual factors can hinder or support that change. Hence, political, social, technological, linguistic, cultural, economic, local and religious factors can affect change by being what have been described in some research studies as ‘drivers’ or ‘barriers’.

Long-term change requires a concern for sustainability. However, sustainability in this sense should not be considered as stability, or lack of change; it should be considered as a way to manage and handle ongoing and successive change. Long-term sustainability requires adaptability on the part of the actors involved, including third party providers. If technologies alone are the main agents that change over time, then even so, users require periods of adaptation to those changes, to become familiar with differences, with additional benefits or disadvantages, or with practices that enable effective outcomes.

These factors mean that third party providers implementing ICT for educational purposes need to consider the future very carefully. Such “next-generation alignment” (aligning what is provided in a current context to also fit and match future needs) requires third party providers to take on board both desired future practices and estimated future changes in education and ICT. For regional and national developments, this suggests that governments should generate partnerships with universities, philanthropic foundations, teacher and parent associations, and businesses, in order to draw on their expertise and desires in this regard. In taking forward implementation of ICT informed by such expertise and desires, successive cycles of data-driven discussion and decision-making will then be necessary.

Third party organisations (e.g. foundations) that want to make a contribution (in terms of resources, funding, time, or energy) toward educational digital equity processes should be encouraged to work with policy guidelines that target sustainable innovation in settings of their choosing. They will need to manage their own expectations, as well as the expectations of those they want to support. They will have to choose between long-term commitments that in some settings keep improving the level of presence of the essential initial conditions identified by ISTE and effectively leveraging technology for shorter-term learning (termed “spikes” of innovation by Florida, 2005). Spikes of innovation refer to technology use for learning concentrated in some areas where teachers, administrators and learners come together, grow an understanding and develop skill regarding its uses for learning. It is important for third party organisations to understand the relevance of such spikes of innovation. Otherwise, short-term actions are likely to first seduce and later disappoint teachers and learners. In this respect, managing the “U-challenge” (periods when teachers are implementing uses of technologies, when their performance initially decreases due to the need to accommodate new practices and later when upgrading and review of practices occur) is vitally important.
	

Models of implementation and integration

How third party providers can model integration of ICT into educational practice is important, taking on board both the issues and challenges, and the factors that influence change. We consider initially the usefulness and applicability of existing and new models of implementation and integration. Traditionally, models of technology integration have focused on an implementation through stages or phases (such as the model developed by Hooper and Rieber, 1995), even when considering pedagogical implementation or change (see, for example, Puentedura, 2013). Conceptual approaches that focus more on the context of the change have also been developed (such as that of Corbett and Rossman, 1989), and uses of this form of approach have identified important factors beyond the technologies themselves (including political and cultural factors). Indeed, taking this point further, some authors (for example, Oliver, 2011; Pannabecker, 1991) have argued that implementation models need to move away from concerns with technological determinism. Other models have focused more on the factors that influence individual take-up of technology uses, such as the widely considered Rogers’s Diffusion of Innovations Model (2003), and the Technology Acceptance Model (TAM) of Davis (1989). While these models consider the individual user and their initial acceptance, other models have taken a perspective that is more concerned with ongoing adoption, such as the Concerns-Based Adoption Model (CBAM) of Hall, Wallace and Dossett (1973) and the post-acceptance model of Bhattacherjee (2001). 

In contrast to models based on the elicitation of factors or features, Todnem By (2005) discusses the crucial importance of conceptualising change when considering its management. Factors identified in the previous section in this paper (technological, teacher practice, stakeholder, and contextual factors affecting long-term integration and sustainability) suggest that approaches for educational change with ICT should adopt management of continuous and incremental change with ongoing changing ICT. These factors support a visualisation of the conception of change as one having periods of downturn followed by benefit, then short periods of time where performance again dips (explained further below) prior to successive cycles arising. Figure 3 shows this as a long-term process, flowing across a period of perhaps 10 years.


Figure 3. Successive cycles of ICT-determined change






With a suitable model identified, plans emerging from this model can be detailed. If long-term integration of ICT is an aim of third party and government organisations, then a key concern needs to revolve around the planning elements of the process (as suggested by Figure 3 above), including a timeline integrating the elements identified and considered above. For example, considering a 10-year plan (shown in Table 1) that also integrates ISTE’s (2009) essential conditions to effectively leverage technology for learning:
	implementation starts in year 0;
	major hardware changes are shown every 5 years, even though the exact nature of them is unlikely to be known in advance; 
	software changes are shown every 3 years, even though some will happen every 18 months, and again their nature is not likely to be known in advance; 
	performance downturn is assumed to occur over a one-year period, every five years when major hardware changes occur; 
	benefits are assumed to occur after the one-year downturn has been overcome; 
	regular updating is determined by hardware changes, software changes, and challenges arising during periods following downturns being overcome; 
	systemic actors need to be identified at the outset, and there needs to be a regular check for changes that might occur and the implications these have in terms of those involved;
	contextual factors need to be identified at the same intervals, to ensure that barriers and drivers are adequately considered; 
	adaptability concerns need to be integrated with initial and regular updating.
	
Table 1. Planning for sustainability
Factor	ISTE essential conditions to review(Below, numbers refer to: 1) shared vision; 2) empowered leaders; 3) implementation planning; 4) consistent and adequate funding; 5) equitable access; 6) skilled personnel; 7) ongoing professional development; 8) technical support; 9) curriculum framework; 10) student-centred learning; 11) assessment and evaluation; 12) engaged communities; 13) support policies; 14) supportive external context)	Year 0	Year 1	Year 2	Year 3	Year 4	Year 5	Year 6	Year 7	Year 8	Year 9	Year 10
Starting phase	1); 2); 3) ; 4); 5) ; 6); 7) ; 8); 9); 10); 11); 12); 13) ; 14) 											
Hardware changes	4); 5) ; 6); 7) ; 8) 											
Software changes	4); 5) ; 6); 7) ; 8) 											
Performance downturn	6); 7) 											
Benefits arising	11) 											
Regular updating needed	6); 7) ; 8); 9); 10); 11) 											
Systemic actors involved	1); 2); 12); 13) ; 14) 											
Contextual factors identified	1); 2); 12); 13) ; 14) 											
Adaptability concerns supported	6); 7) 											

When considering the ways in which features for planning (identified in Table 1) need to be integrated to enable sustainability as far as is possible, the feature of adaptability (a key factor identified by Rogers (2014), as more critical than intrinsic motivation itself), clearly needs to take account of previous experience in building new knowledge concerned with content, pedagogical and technological features for teaching and learning (Mishra & Koehler, 2006). In this case, the visualisation of the conception of change being considered here should perhaps be concerned more with a looping cyclical form of development (identified initially from case studies described in Passey, 1997), and shown in Figure 4, across years 0 to 11 from Table 1. Again, no increase in baseline performance is shown; the same reasoning as that in Figure 3 applies here.


Figure 4. Looping cyclical form of ICT-determined change


Recommendations to third party and governmental organisations 

If plans to implement ICT for education are to be successful, governmental and third party organisations need to be aware of key issues. From this conceptualisation and visualisation of implementation, recommendations at a policy level are:
1.	Be aware that change is inevitable, and that sustainability has to embed adaptability (Rogers, 2014). Examine innovation on a sustainable path towards digital equity by considering long-term adaptability, as well as referring to the ISTE initial “essential conditions” for project conception, implementation, and evaluation.
2.	Design projects inclusive of adequate time to build a reflective process that anticipates the dynamics of the “U- challenge” (time periods when teachers are implementing uses of technologies when their performance decreases, often during the first year, due initially to the need to accommodate new practices). Establish and nurture “spikes” of innovation perhaps every two years (see Table 1). For innovation to be sustained, innovation must be adapted to local contexts (which may need to be considered at institutional, local, regional or national levels), reviewed every three years. The initial implementation phase must be followed by a long-term monitoring phase that identifies key points every two years. The formation of implementation and monitoring practices, including committees, are essential. 
3.	Ensure understanding of what it is within a context that can gain systemic commitments in various contexts. It is important to be aware that digital educational resources reflect the culture of the country/region in which they are conceptualised and produced, and thus may inadvertently create barriers for reaching global educational equity. 





Research has a major role to play in supporting sustainable digital technology implementation. Long-term planning for educational integration of ICT using a form of cyclical visualisation such as that shown in Figure 4 is not fully researched. Many studies have looked at the uses and outcomes of ICT in the short-term, perhaps over a period of 1 year, or 2 years at the most (see Passey, 2014, for example). Studies that look to explore the planning over long periods need to be instigated, and monitoring needs to be introduced over a period of years. Design-based implementation research is especially suited for such implementation and monitoring (Penuel et al., 2011). Initially, such studies and implementations can look at the experiences of the past, and consider how these might be projected to the future. For example, from the planning shown in Table 1, it would be possible to consider undertaking a study in a country to explore and identify more exactly the nature and implications for users of:
	hardware changes in education since 1995
	software changes since 1995
	experiences of learners, teachers, trainers or employers in their performance following ICT introductions
	benefits they have experienced from particular uses
	how these actors’ uses have been updated
	who the systemic actors have been within their individual contexts and the roles they have played
	the contextual factors that have been present, and which favour or hinder changes with ICT
	how sustainability has been and is being considered
	how adaptability has been and is being introduced

This form of study could be undertaken initially through a Delphi or phenomenological approach, interviewing teachers, learners, parents, school managers, third party organisation managers, national policy makers, politicians, advisers and researchers, and employers. To achieve longer-term concepts of these past changes and experiences, perspectives could be gathered across the compulsory, post-compulsory, training and employment arena.






This paper has explored issues and needs of those third party and government organisations seeking to implement ICT into teaching and learning practices in developing countries. For all concerned, it is vitally important that the processes involved are as successful as possible in leading to long-term integration and sustainability. In considering patterns of support for those working in developing countries, viewed through outcomes from developed and developing countries, it should be recognised that long-standing integration of ICT into teaching and learning practices in developed countries has not been achieved at any identifiable widespread level. This paper has considered fundamental reasons for this, problematising these in order to explore alternative conceptions and approaches. It is clear that context is important when looking at change, integration and sustainability; context needs to be fully understood and accommodated if integration is to be successful. Yet current models of integration are very largely based on research and practice arising from applications in developed countries, which do not take sustainability factors fully into account. In view of these limitations and their implied constraints, a new conceptual model is proposed in this paper. 
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